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1. introduction 
Information concerning the structure of plasma mem- 
branes is of critical importance in the understanding 
of molecular mechanisms controlling many leading 
functions in eukaryotic ells, particularly cell-cell 
interactions and growth control. Selective labelling 
has recently joined conventions methods as a means 
of analysing components exposed on the cell surface 
under physiolo~c~ conditions [l-S]. In addition to 
providing information relatmg to the location of a 
particular molecule within the membrane architecture, 
it permits a distinction to be made between true 
surface components and those adsorbed as a result 
of the handling involved during cell fractionation. 
Iodination catalyzed by lactoperoxidase [4,5] and 
si~ylation by surface sibyl-tmnfer~s [6] are the 
two enzyme labelling methods that appear to give 
the best results in this connection. They have recently 
been flanked by a method for selective labelling of 
amino groups exposed on the membrane surface 
using trinitrophenyl groups. This method has the 
advantage of permitting subsequent single step purifi- 
cation of the labelled membrane proteins with a 
reverted immunoadsorbent consisting of insoluble 
specific ~tibo~es, and has been reported for red cell 
membrane labelling [7]. The present paper describes 
its use in the study of SV-40f3T3 fibroblast membrane 
proteins. Comparison is made with proteins solubiliz- 
ed from isolated plasma membranes and with surface 
proteins labelled by enzymatic iodination. 
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2. Material and methods 
2.1. Cells 
SV-40 transformed mouse 3T3 fibroblasts [8,9] , 
kindly supplied by Dr G. Todaro, were grown in 
Eagle’s MEM (Difco) in large (200 cm”) glass bottles. 
At densities close to 3 X lo4 cells/cm2, cells were 
carefully washed with serum-free me~um and 
detached from the glass by very gentle scraping with 
a rubber tipped spatula. Cell viability was dete~ined 
by the trypan blue exclusion test [lo] before and 
after labellings, and only preparations containing more 
than 90% of living cells were used for the experiments. 
Internal abelling of membrane proteins was perform- 
ed by incubation of cells in medium supplemented with 
r4C-Lamino acids (1 mCi/ 1) for 24 hr. 
2.2. isolation of plasma membranes 
For the isolation of plasma membranes the zinc 
method of Warren et al. [ 111 as modified by Brunette 
and Till [ 121 and Sheinin and Onodera, was employed. 
This method has succesfully been used to study 3T3 
and SV-40/3T3 plasma membranes [13,30]. Briefly, 
saline washed cells were incubated in ZnC12 low3 M 
for 1.5 min at room tem~rature and for 5 min in ice. 
Cells were than disrupted by Dounce homogeneization 
with repeated phase-contrast microscope controls. 
Whole cell ghosts and plasma membranes debris were 
then separated from subcellular organelles by a two- 
phase dextranpolyethylenglycol system, sodium phos- 
phate buffered at pH 6.5. ’ 25 I or trlnitrophenyl- 
labelled plasma membranes were processed as above. 
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2.3. Electron Microscopy 
The procedures used for fming, embedding and 
staining membrane pellets are described in detail in 
ref. [ 141. Observations were performed in a Philips 
EM-300. 
2.4. Enzymatic Iodination 
Washed cells (2.5 X 106/ml) were suspended in 
10 ml of phosphate buffered saline pH 7.2 and 1 mg 
of lactoperoxidase, and 1 mCi of carrier-free radio- 
active sodium iodide ( ’ *’ I) was added. The suspen- 
sion was incubated with gentle stirring at 30°C for 
10 min; during this time 8.5 I.~M (total) of hydrogen 
peroxide were added dropwise, according to the 
method of Marchalonis et al. [ 151. The hydrogen 
peroxide was added extremely slowly and in such a 
small amount in order to minimize both oxidation of 
surface components and cell penetration of reactive 
iodine. After 10 min the reaction was stopped by 
10T3 M sodium azide and by chilling at 0°C; labelled 
cells were washed twice with phosphate buffered saline 
and subjected to cell fractionation for isolation of 
membranes. 
2.5. Trinitrobenzene sulfonate labelling and putifica- 
tion of surface proteins 
Selective surface labelling of SV-40 3T3 fibroblast 
was performed by the dialysis membrane bag tech- 
nique previously described [7], with minor modifica- 
tions. Briefly, washed cells were suspended in Earle’s 
solution and placed in a dialysis bag dipped in a 15 
mM solution of trinitrobenzene sodium sulfonate, 
buffered at pH 7.3 in Earle’s solution. Both the cell 
suspension and the trinitrobenzene sulfonate solution 
were heated at 37°C and stirred for 30 min. The reac- 
tion was stopped by iced 0.75 M glycine in Earle’s 
solution and cells were washed with the same solution 
until colorless supernatants were obtained. After cell 
fractionation, labelled membrane proteins were solubi- 
lized by overnight incubation at 4°C in 10 vol of 0.1 M 
barbital buffer pH 8.6 containing 1% sodium deoxy- 
cholate, followed by ultracentrifugation at 100 000 g 
for 1 hr. After extensive dialysis against 0.05 M barbital 
buffer pH 8.2,0.1% deoxycholate, trinitrophenyl- 
labelled proteins were purified by affinity chromato- 
graphy, using purified rabbit anti-dinitrophenyl 
antibodies covalently linked to Sepharose 4B by the 
cyanogen bromide technique [ 16- 171. The reasons 
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for using anti-dinitrophenyl and not anti-trinitrophenyl 
antibodies have been discussed in a previous paper [7] . 
Each immunoadsorbent column was washed immedi- 
ately before use with 1 M acetic acid and equilibrated 
with 0.05 M barbital buffer pH 8.2,0.1% deoxycholate. 
Solubilized membrane samples were then slowly passed 
through the columns, followed by extensive washings 
with buffer. All these steps were performed at 4°C in 
order to prevent proteolytic degradation. Trinitro- 
phenyl-labelled molecules were eluted with 8 M urea- 
1 M acetic acid, dialyzed against water, lyophilized and 
dissolved in sodium dodecyl sulfate for disc-gel 
electrophoresis. 
2.6. Acrylamide gel electrophoresis 
The sodium dodecyl sulfate disc-gel electrophoresis 
method of Maize1 [ 181 was followed. Isolated mem- 
brane samples or purified trinitrophenylated molecules, 
containing 80- 100 g of proteins, were electrophor- 
esed in 9% acrylamide gels, with a 3% upper spacer. 
Gels were fixed, Coomassie Blue stained and scanned 
in a Joice-Loebl ‘Chromoscan’ densitometer. Calibra- 
tion of the system was achieved by simultaneous 
separate runs of the following standards: cytochrome c 
(mol. wt. 12 000), concanavalin-A (mol. wt. 27 000), 
ovoalbumin (mol. wt. 43 000) bovine serum albumin 
(mol. wt. 67 000) and lactoperoxidase (mol. wt. 
78 000) [ 19-211. ’ 25 I-labelled proteins were deter- 
mined by slicing the gels and counting each slice in 
a Nuclear-Chicago y-counter. 
3. Results 
The electron microscope examination of isolated 
SV-40 3T3 plasma membranes obtained by the zinc 
method revealed a uniform appearance of large mem- 
brane fragments, among which a few other subcellular 
organelles (mainly small vescicles and ribosomes) were 
occasionally observed. Each plasma membrane sec- 
tion was coated on one side with a relatively thick 
layer of filamentous material (fig. l), which is very 
often reported to contaminate membrane fractions 
obtained by the most commonly used methods. 
Judging by morphological criteria, our membrane 
preparations showed the standard levels of purity ob- 
tained by this or similar methods of fractionation. 
Sodium dodecyl sulfate-mercaptoethanol solubilized 
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Fig. 1. Electron micrograph of SV-40 transformed 3T3 plasma membranes isolated by a two-phase dextran-polyethylen glycol 
system. Thin section stained with Mg-uranyl acetate and lead citrate. (A: 54 000 X, B: 108 000 X.) 
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membrane pellets electrophoresed on 9% acrylamide 
gels resolved in a high number of bands of mol. wt. 
between 220 000 and 10 000, which gave rise to a 
very complex pattern (figs. 2 and 3). 
SV-40 3T3 surface proteins iabelled by enzymatic 
iodination as described under methods and separated 
in disc-gel electrophoresis gave a much simpler pattern 
Fig. 2. Coomassie blue stained polyacrylamide gels of SV40/ 
3T3 plasma membrane proteins. A) Whole plasma membranes 
dissolved by sodium dodecyl sulfate-p-mercaptoethanol. B) 
Surface membrane proteins labelled with trinitrobenzene 
sulfonate and purified by affinity chromatography on anti- 
dinitrophenyl antibodies-Sepharose. C) Plasma membrane 
proteins labelled by trinitrobenzene sulfonate after solubiliza- 
tion by 1% sodium deoxycholate. After being labelled, 
trintrophenylated proteins were purified by immunoadsorp 
tion as above. The densitometric profiles of each gel are given 
in figs. 3 and 4. 
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Fig. 3. Electrophoretic profdes of plasma membrane proteins 
labelled by enzymatic iodination or trinitrobenzene sulfonate. 
A) The “51-labelled protein pattern (A-) is superim- 
posed to the densitometric profile obtained from the stained 
gel (. . . .). Twenty-twenty-five incompletely resolved 
peaks of radioactivity were seen spread over the whole length 
of the gel. B) Cell surface proteins selectively labelled by 
trinitrobenzene sulfonate and purified by reverted immunoad- 
sorption. The molecular weight of the three mayor peaks is 
included between 90-70 000, SO-35 000 and 16-17 000. 
All bands were internally labelled by ’ 4 C-amino acids and were 
identifiable with corresponding bands present in the pattern 
obtained by enzymatic iodination. 
Fig. 4. Electrophoretic pattern of purified trinitrophenylated 
plasma membrane proteins which were solubilized by 
deoxycholate prior to trinitrobenzene sulfonate labelling 
(-). The dotted line shows the profde of cell surface 
proteins selectively labelled with the reagent in physiological 
conditions. The two gels were separately run and the 
densitometric patterns superimposed. 
than that obtained with whole plasma membrane 
preparations. At least 20-25 incompletely separated 
peaks of radioactivity were seen, subdivided into 
seven major groups of components (fig. 4). 33% of the 
total radioactivity was found to be linked with com- 
ponents of mol. wt. between 90 000 and 50 000, 
while the other two major groups, which accounted 
for 20% and 15% of the total radioactivity, had a mol. 
wt. between 180 000 and 160 000, and 16 000 and 
12 000 respectively. 
W-40 3T3 surface molecules were then labelled 
by trinitrobenzene sulfonate at 37°C for 30 min as 
previously described [7] and purified from unlabelled 
membrane components on a reverted immunoadsorb- 
ent. 
The purified trinitrophenyl-proteins, subjected to 
acrylamide electrophoresis, and stained with Coomassie 
Blue, resolved into a discrete number of bands, group- 
ed in three major peaks of mol. wt. between 90 000 
and 70 000,SO 000 and 35 000 and 16 000 and 
12 000. All bands found in purified trinitrophenyl- 
labelled preparations contained 3 H-amino acids and 
were identifiable with corresponding bands given by 
whole plasma membranes. Moreover, all three groups 
had a corresponding peak of radioactivity in the 
’ 25 I-labelled patterns (fig. 3). To demonstrate that 
trinitrobenzenesulfonate did not label internal cell 
components and that trinitrophenylgroups were selec- 
tively linked to exposed surface plasma membrane 
molecules, trinitrophenyl-labeled cells were disrup- 
ted by simple homogeneization and centrifuged at 
100 000 g for 1 hr. The supernatant representing the 
soluble cytoplasmic fraction was passed through the 
immunoadsorbent. In this case, the urea-acetic acid 
elution did not yeld a significant amount of material, 
showing that cytoplasm proteins were not labelled in 
a detectable way, and that no component was 
unspecifically retained by the column and released 
during elution. Similar negative results were obtained 
when a preparation of native membrane proteins 
(i.e. not treated by any labelling reagent) was chroma- 
tographed through the anti-DNP immunoadsorbent. 
By using l4 C-amino acid internally labelled membrane 
preparations, it was found that the amount of TNP- 
labelled proteins eluted from the immunoadsorbent 
by urea-acetic acid varied between 8- 10% of the 
total amount of radioactivity solubilized from mem- 
branes by deoxycholate. Less than 20% of the bound 
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radioactivity was retained by the immunoadsorbent membrane isolated with this or other methods [23-271 
after elution. Since radioactive trinitrobenzene sul- The morphological analysis of isolated membranes al- 
fonate is not readly available, it has not been possible ways showed that they had some filamentous material 
to determine how much TNP-labelled protein was not attached on the cytoplasm side, and thus some of the 
retained by the affinity column in this system. How- electrophoretic bands seen may be attributed to this 
ever control experiments performed with TNPz- material. Labelling with enzymatic iodination gives a 
ovoalbumin and TNPr 5-bovine serum albumin showed simpler pattern with 20-25 different protein peaks 
that in both cases the anti DNP-column retained as distributed along the entire gel length, indicating an 
much as 80-85% of the TNP-protein applied. extensive molecular weight range. 
The unlikely possibility that trinitrobenzenesulfonate 
reacted only with a restricted class of proteins was 
ruled out by labelling a cell homogenate with the 
dialysis bag system, and by further processing the 
labelled material with the immunoadsorbent, after 
chromatography on Sephadex G-25 to remove the 
unreacted trinitrobenzene sulfonate molecules. In this 
case, the purified trinitrophenyl-labelled proteins gave 
an extremely complex electrophoretic pattern, 
similar to that given by the whole homogenate. A 
similar possibility at the level of membrane proteins 
was excluded by treating SV-40 3T3 cells with trini- 
trobenzene sulfonate in conditions producing specific 
surface labelling. Labelled plasma membranes were 
then solubilized and chromatographed on the immuno- 
adsorbent as usual. The first peak effluent from the 
column (i.e. the unlabelled membrane proteins) was 
then labelled with trinitrobenzene sulfonate under 
standard conditions, chromatographed on a second 
anti-dinitrophenyl immunoadsorbent and eluted with 
urea-acetic acid. The electrophoretic pattern obtained, 
(fig. 1 and 4), showed that after deoxycholate solubi- 
lization at least 20 more components were labelled by 
trinitrobenzene sulfonate. 
Surface labelling with trinitrobenzene sulfonate 
followed by purification gives an even simpler pattern, 
with proteins in three main mol. wt. groups: 90- 
70 000, 50-35 000 and 16-12 000. It is clear, there- 
fore, that proteins of intermediate weight labelled by 
enzymatic iodination were missed with this method. 
Several advantages are offered by selective surface 
labelling with trinitrobenzene sulfonate, some of 
which are not obtained with iodination. Both methods 
ensure that a distinction can be made between mole- 
cules exposed on one or both plasma membrane sur- 
faces and those masked in the membrane core and 
hence unreactable by the reagent. Moreover, both 
methods offer a good degree of discrimination between 
true membrane components and molecules adsorbed 
aspecifically on the membranes during preparative 
handlings. Discrimination may be blunted by the 
fact that membranes may form tight bonds with some 
serum proteins of the medium. However artifacts of 
this kind can be avoided in a number of simple ways 
]281. 
4. Discussion 
The main advantage peculiar to trinitrobenzene 
sulfonate labelling is that the method is preparative 
as well as analytic. Laborious conventional procedures 
of plasma membrane purification are eliminated by 
using an immunoadsorbent to isolate trinitrophenylat- 
ed membrane molecules from all other non-labelled 
cell components. 
Electrophoresis of proteins solubilized from isolat- 
ed membranes of W-40 transformed 3T3 fibroblasts 
and of those labelled by enzymatic iodination or 
trinitrobenzene sulfonate gives different results. In 
each group, the gel patterns were highly reproducible, 
as can be seen by the results obtained from three 
different sets of experiments. 
The pattern for whole membranes purified in 
accordance with one of the more commonly used 
methods is very complicated. Its heterogeneity is 
comparable with that described for various types of 
Comparison with enzymatic iodination showed that 
’ 25 I bonds with a greater number and a more hetero- 
geneous class of proteins: 20-25 electrophoretic 
peaks as opposed to the 7-9 observed with trinitroben- 
zene sulfonate labelling. Iodine-protein bonds are 
formed with the imine groups of histidine or sub- 
stitution of the phenol hydroxyl of thyrosine residues 
[5], whereas trinitrobenzene sulfonate bonds by 
means of nucleophilic substitution. This is primarily 
directed to the e-amino groups of lysines which, in 
most proteins, are certainly as numerous as the tyrosine 
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or histidine residues. Two explanations can be offered 
for the fact that trinitrobenzene sulfonate labelled 
fewer membrane proteins. In the first place, the size 
and charge of trinitrobenzenesulfonate prevent it 
from penetrating the outer surface molecular layer of 
plasma membranes as deeply as free iodine. Moreover, 
at neutral pH, TNB-sulfonate binds protein amino 
groups much slower than iodine tyrosyl-residues; in 
our experimental conditions, in fact, saturation of 
the cell surface was not reached. The purified TNP- 
pattern may, of course, be artificially simplified by 
selective action on the part of the immunoadsorbent, 
since this may bind or release proteins labelled with a 
different number of groups in a different manner. 
This possibility, however, would seen to be ruled out by 
the experiments with TNPz -ovoalbumin and TNPr s - 
bovine serum albumin, which were bound by and eluted 
from the immunoadsorbent to the same extent. In any 
event, is clear that the simplicity of the trinitrobenzene 
sulfonate labelling pattern, whether artificial or not, 
makes this method extremely useful for the study of 
plasma membranes. 
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